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Frequency modulation (FM) spectroscopy i s  a new technique t h a t  
promises t o  s i g n i f i c a n t l y  extend t h e  s ta te-of- the-ar t  i n  po in t  d e t e c t i o n  
of atmospheric t r a c e  gases .  F i r s t  introduced i n  t h e  v i s i b l e  s p e c t r a l  
r eg ion  by Bjorklund (1980),  F71 spectroscopy is e s s e n t i a l l y  a balanced 
b r i d g e  o p t i c a l  heterodyne approach i n  which a small o p t i c a l  abso rp t ion  
o r  d i spe r s ion  from an atomic o r  molecular s p e c i e s  of i n t e r e s t  gene ra t e s  
an e a s i l y  de t ec t ed  r a d i o  frequency ( r f )  s i g n a l .  This  s i g n a l  can be 
monitored using s tandard r f  s i g n a l  processing techniques and i s ,  i n  
p r i n c i p l e ,  l i m i t e d  only by t h e  sho t  no i se  generated i n  t h e  pho tode tec to r  
by t h e  l a s e r  source employed. 
f requencies  which exceed t h e  s p e c t r a l  width of t h e  probed a b s o r p t i o n  
l i n e  d i s t i n g u i s h e s  t h i s  technique from the  well-known d e r i v a t i v e  
spectroscopy which makes use of low (kHz) modulation f r equenc ie s .  
The use of v e r y  h igh  (- GHz) modulation 
R4 spectroscopy has  r e c e n t l y  been extended t o  the 1 0 - p  i n f r a r e d  
( I R )  s p e c t r a l  region where numerous polyatomic molecules e x h i b i t  
c h a r a c t e r i s t i c  v i b r a t i o n a l - r o t a t i o n a l  bands [Cooper and Ga l l aghe r ,  
19851. 
quantum-noise-limfted s e n s i t i v i t y  of the technique should a l l o w  f o r  t he  
d e t e c t i o n  of a b s o r p t i o n s  as small as i n  t h e  I R  s p e c t r a l  region.  
This s e n s i t i v i t y  would a l low f o r  the d e t e c t i o n  of H202 a t  concen t r a t ions  
as  low as 1 pptv wtth an i n t e g r a t f o n  t i m e  of 10 seconds. In  t h i s  
workshop we b r i e f l y  d i scussed  the  p r i n c i p l e s  of t h e  technique and t h e  
major t echn ica l  o b s t a c l e s  t h a t  must be overcome t o  achieve quantum- 
no i se- l i m i  t ed s e n s i t i v i t y  . 
In  conjunct ion wt th  tunab le  semiconductor diode lasers, t h e  
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Comments 
Th i s  method can be app l i ed  t o  both OH, ope ra t ing  i n  t h e  near  u l t r a v i o l e t  
w i th  a frequency doubled dye laser, and t o  H02 and H202 us ing  an i n f r a r e d  
laser,  such as t h e  diode laser discussed below. 
Frequency modulation absorp t ion  was seen  as a technique which has  good 
f u t u r e  p o t e n t i a l  as an atmospher c de t ec t ion  method. A t  t h e  p re sen t  time, it 
has  been demonstrated a t  t h e  10 l e v e l  of d e t e c t a b l e  abso rp t ion  i n  l a b o r a t o r y  
experiments ,  whereas w i l l  be needed i n  a f i e l d  instrument  i n  o rde r  t o  be 
gene ra l ly  u s e f u l  f o r  atmospheric monitoring. The o b s t a c l e s  t o  f u t u r e  develop- 
ment comprise a long l ist  of t e c h n i c a l  i s s u e s ,  which are l i k e l y  t o  be solved 
wi th  f u r t h e r  improvements i n  laser and modulation devices .  
-t 
Thus, t h e  workshop p a r t i c i p a n t s  genera l ly  agreed t h a t  FM spectroscopy w a s  
no t  c u r r e n t l y  ready f o r  f u l l - s c a l e  intrument development, i n  o rde r  t o  make 
f i e l d  measurements of OH i n  a few-year time scale. Concern was expressed as 
t o  whether i t  would ever  be capable  of measuring OH i n  t h e  near  f u t u r e .  How- 
e v e r ,  i t s  gene ra l  a p p l i c a b i l i t y  t o  a wide v a r i e t y  of a tmospheric  s p e c i e s  makes 
i t  a very a t t r a c t i v e  and l o g i c a l  ex ten t ion  of abso rp t ion  methods. Well- 
designed experiments examining t h e  bes t  s p e c t r a l  reg ions  f o r  s tudy  a long  wi th  
a s y s t e m a t i c  i n v e s t i g a t i o n  of p re s su re  e f f e c t s  ( l i n e  broadening) should be 
cons idered  f o r  funding. Col labora t ion  between r e sea rche r s  experienced i n  
a tmospheric  abso rp t ion  spectroscopy and those  knowledgeable about FM methods 
should be encouraged. S teps  should be taken toward l abora to ry  measurements on 
t y p i c a l  a i r  samples. 
